The excess linking deficit of plasmid DNA from topoisomerase I-defective bacteria (topA mutants) results mainly from transcription and is commonly ascribed to unbalanced relaxation of transcriptioninduced twin-supercoiled domains. This defect is aggravated in genes for membrane-binding proteins (such as the tet gene) where anchoring of the transcription complex to the bacterial membrane is thought to enhance twin-domain partitioning. Thus, it is often assumed that the 'hyper-negative' linking difference of plasmid DNA from topA mutants reflects unconstrained, hyper-negative DNA supercoiling inside the cell. We tested the validity of this assumption in the present study. A DNA sequence that undergoes a gradual B to Z transition under increasing negative superhelical tension was used as a sensor of unconstrained negative supercoiling. Z-DNA formation was probed at a site upstream from the inducible pTac promoter fused either to the tet gene or to the gene for cytosolic chloramphenicol acetyl transferase (cat). Although plasmid DNA linking deficit increased more extensively in topA mutants following tet activation than following cat activation, no significant differences were observed in the extents to which the B to Z DNA transition is stimulated in the two cases. We infer that the excess linking deficit of the tet-containing plasmid DNA reflects constrained negative DNA supercoiling inside the cell.
INTRODUCTION
The effect of transcription on template DNA topology has been correlated with two separate actions of RNA polymerase: helix unwinding and DNA tracking. The unwinding component was invoked to explain the transcription-dependent increase of plasmid DNA linking deficit in wild-type bacteria and yeast (1) (2) (3) . This increase was ascribed to the DNA gyrase-catalyzed removal of positive supercoils that result from the continuous presence of single-stranded DNA 'bubbles' in actively transcribed regions of the plasmids (4) (5) (6) . Thus, the excess negative DNA supercoiling in plasmids containing highly expressed genes can be regarded as a topological adjustment needed to maintain constant superhelical tension outside the transcribed regions.
DNA tracking is thought to affect template DNA topology as originally described by the twin-supercoiled-domain model of Liu and Wang (7) . This model proposes that hydrodynamic hindrance to the rotation of the transcriptional complex about the DNA template forces rotation of the DNA axis during elongation. Such motion generates supercoils that are positive ahead of RNA polymerase and negative behind it (7) (8) (9) (10) (11) (12) (13) (14) . According to the model, transcription-driven supercoils are specifically relaxed in vivo by the concerted action of two topoisomerases: DNA gyrase removes the positive supercoils, whereas topoisomerase I, the product of the topA gene, removes the negative supercoils. The involvement of these two activities is largely based on the observation that transcription of plasmid DNA under conditions where either topoisomerase is defective results in DNA linking number variations that are positive or negative depending on the affected enzyme (8, 9, (15) (16) (17) (18) (19) (20) . The magnitude of such variations was often viewed as an indicator of the extent of twin-domain partitioning in plasmid DNA. In particular, the vast increase of plasmid DNA linking deficit resulting from transcription of genes for membrane-binding proteins in topA mutant cells was interpreted to suggest that twin-domain partitioning is greatly enhanced by the anchoring of the transcription complex to the bacterial membrane (18) (19) (20) . A typical example is the tetracycline resistance gene (tet) whose expression in topA mutants of E.coli or S.typhimurium raises plasmid DNA linking deficit above measurable levels (16) (17) (18) . Previous results indicated that the conditions leading to such 'hyper-deficient' linking values in topA mutants coincide with those required to observe high-level negative superhelical tension in situ as inferred from cruciform extrusion or activation of supercoiling-sensitive promoters (14, (21) (22) (23) . This might suggest that the excess linking deficit of tet-expressing plasmid DNA in topA mutants is in the form of unconstrained hyper-negative supercoiling inside the cells. Somewhat in contrast with this view, recent evidence suggests that hyper-negative supercoiling of plasmid DNA obtained from * To whom correspondence should be addressed topA mutants reflects the formation of persistent DNA-RNA hybrids during transcription (24, 25) . Depending on their turnover rates, these R-loops might constrain a significant portion of negative superhelicity in vivo.
To gather further insight on this issue, we tested whether the transcription-induced increase of plasmid DNA linking deficit in topA mutant cells correlates with the increase in unconstrained negative supercoiling in plasmid DNA. To this end, we used a 66 bp alternating purine-pyrimidine repeat that undergoes a gradual and oriented B to Z transition under increasing superhelical stress as a sensor for negative superhelical tension (26) . The Z-DNA forming sequence was inserted in plasmids between the lacI Q gene and a divergently oriented pTac promoter that drives the transcription of either the tet gene, whose product is an integral membrane protein, or the gene for the cytosolic chloramphenicol acetyl-transferase cat. The supercoil-dependent 'zipper-like' transition of the repeat was monitored by in situ OsO 4 modifications. Our results show that, while the contribution of pTac activity to plasmid DNA linking deficit in topA mutants is much stronger when this promoter is fused to the tet gene, the induction of Z-DNA upstream from pTac is the same in the tet and cat fusion constructs. These data indicate that RNA polymerase anchoring to the cell membrane does not contribute significantly to the superhelical tension in our system and lead us to conclude that the excess negative DNA supercoiling resulting from membrane anchoring of transcriptional complexes in topA mutants is mostly constrained inside the cell.
MATERIALS AND METHODS

Enzymes and chemicals
Restriction endonucleases were purchased from New England Biolabs, Boehringer Mannheim and Promega. The Klenow fragment of E.coli DNA polymerase I was from New England Biolabs. RNase A and Proteinase K were from Boehringer Mannheim. All enzymes were used according to the manufacturer's specifications. Biochemicals including antibiotics were obtained from Sigma Chemical Co. Inorganic chemicals were either from Sigma Chemical Co. or from Merck. Ultra pure DNA grade Agarose was from BioRad. [α-32 P]dATP (3000 Ci/mmol) was purchased from Amersham.
Plasmids and bacteria
Plasmid pKK175-6 (27) was obtained from Pharmacia. Plasmid pRW2042 (12) is a derivative of pKK232-8 (27) in which the cat gene is fused to the pTac promoter and under the control of an adjacent, divergently transcribed lacI Q gene. Plasmid pTG133 was derived from pRW2042 by inserting a 180 bp DNA fragment that includes the (CG) 5 (TG) 28 repeat at a BamHI site in the intervening region between pTac and lacI Q (26; the insert orientation is with the CG stretch on the pTac side, beginning 120 bp from the promoter's -35 region). tet-expressing derivatives of pRW2042 and pTG133 were obtained by digesting these plasmids with EcoRI and ligating the lacI Q -pTac-containing fragments to EcoRI-cleaved pKK175-6 DNA. In the resulting constructs (pRW2042-Tet and pTG133-Tet) ∼200 bp of cat coding material is left between pTac and the beginning of the tet coding sequence (Fig. 1) . Such leader sequence optimizes tet expression (presumably acting post-transcriptionally and resulting in high-level Tet-resistance), and is essential for observing hyper-negative DNA supercoiling in pKK175-6 derivatives (3). The smaller size of the pKK175-6 backbone in the 'tet' plasmids (one rrnBT1T2 cassette) relatively to the pKK232-8 backbone of the 'cat' plasmids (two tandemly arranged rrnBT1T2 cassettes) compensates for the larger size of the pTac-tet insert as compared to pTac-cat (Fig. 1 ). All the above constructions were performed in E.coli HB101 according to standard procedures (28) . Plasmids were then introduced (by electro-transformation) into three isogenic S.typhimurium strains: MA463 (gyr + topA + ), MA657 (topA202 gyrB1820) and MA697 (topA217 gyrB + ). The construction and the full genotypes of these strains were described previously (3).
Plasmid DNA preparation and chloroquine-gel electrophoresis
Extraction of plasmid DNA from exponentially-growing cells, DNA purification and analysis by chloroquine-agarose gel electrophoresis were carried out as previously described (3).
DNA transfer and hybridization
After removal of chloroquine by soaking gels repeatedly in water, the DNA was mildly depurinated by treatment with 0.2 N HCl, vacuum-transferred onto Hybond-N + DNA Transfer Membrane (Amersham) and hybridized against the corresponding 32 Plabelled plasmid DNA as described (28) .
In situ OsO 4 probing
Cells harbouring the plasmids were grown at 28_C in 10 ml LB medium (28) supplemented with 0.2% glucose and 50 µg/ml of ampicillin. At mid exponential phase, cells were exposed to IPTG (1 mM) and/or chloramphenicol (200 µg/ml) for 5 min then collected by centrifugation and resuspended in 2 ml of 0.1 M NaCl, 50 mM phosphate buffer pH 7.2 supplemented with IPTG and/or chloramphenicol if needed. Cells were then treated with OsO 4 and 2,2′-bipyridine at the final concentration of 2 mM each for 5 min at 28_C and the reaction was stopped by addition of 8 ml cold NaCl-phosphate buffer. Cells were harvested by centrifugation and plasmid DNA isolated by the rapid boiling method (28) . To map the modified bases, DNA was digested by XbaI and PstI, then labelled by 3′-end filling-in with the Klenow fragment of DNA polymerase I. The relevant labelled fragment (180 bp) was purified from a 8% polyacrylamide gel and treated with 1 M piperidine for 20 min at 90_C. Subsequently, the OsO 4 reactive sites were analysed on a 10% denaturing polyacrylamide gel.
RESULTS
Comparing the contributions of cat and tet gene transcription to the plasmid DNA linking deficit in topA mutants
The relevant features of the plasmid constructs used throughout this work are illustrated in Figure 1 . Plasmids carry the IPTG-inducible pTac promoter fused to either cat or tet genes and a divergently transcribed lacI Q repressor gene. The construction of the tet-expressing plasmid, pRW2042-Tet, was done in such a way as to leave ∼200 bp from the promoter-proximal portion of the cat gene between pTac and the beginning of the tet coding sequence (see Materials and Methods). Such leader sequence optimizes the expression of the tetracycline-resistance determinant possibly by improving tet mRNA translation initiation or 5′-end mRNA stability (3). pRW2042 and pRW2042-Tet were each moved into three isogenic S.typhimurium strains: a wildtype strain (MA463), a topA mutant (MA697), and a topA gyrB double mutant (M657). The topA allele in MA697 (topA217) does not completely inactivate topoisomerase I and is therefore well tolerated in a gyr + background. In contrast, the topA202 allele in MA657 is a loss-of-function mutation and requires a compensatory mutation in gyrB (gyrB1820) to permit growth (3) .
To assess the effects of pTac-promoted transcription on the topology of pRW2042 and pRW2042-Tet, plasmid DNA isolated from exponentially growing cells was analysed by chloroquineagarose gel electrophoresis. Results in Figure 2 show that IPTG treatment causes the DNA topoisomer distributions of both plasmids to shift toward lower linking values. However, the amplitude of the shift is significantly more pronounced in the tet-expressing plasmid. The pRW2042-Tet DNA profile from IPTG-treated cells includes topoisomers that are too supercoiled to be resolved by the gel system (arrows in Fig. 2 ). Such an unresolved material is not found or present only in trace amounts in the pRW2042 profile ( Fig. 2A and B) . Confirming previous reports, these results indicate that the plasmid linking changes induced by tet transcription are more extensive than those occurring during transcription of the cat gene from the same promoter (3). It was proposed previously that co-transcriptional anchoring of the nascent Tet polypeptide to the bacterial membrane enhances supercoil partitioning and results in a greater linking deficit once positive supercoils are removed by gyrase (3, (18) (19) (20) . Consistent with this interpretation, no hyper-negatively supercoiled plasmid DNA topoisomers are observed when tet transcription is induced in the presence of a translational inhibitor (chloramphenicol; Fig. 2C ).
Comparing the transcription-induced Z-DNA formation upstream from the pTac-tet and pTac-cat gene fusions
We have recently shown that a 66 bp alternating purine-pyrimidine repeat (CG) 5 (TG) 28 cloned in a plasmid, undergoes a supercoildependent gradual and oriented B to Z transition in vitro and in vivo (26) . At a threshold level of negative supercoiling, a limited region of the repeat, encompassing the (CG) 5 motif, is converted to Z-DNA. As the superhelical stress increases, the Z-structure propagates along the (TG) 28 stretch until the full length repeat is converted. This transitional process is clearly visualized by the OsO 4 modifications of the B-Z junctions on the 'TG' strand. At the initial transition, the OsO 4 probe reacts with two thymine and one cytosine residues located on the 5′-side of the (CG) 5 motif (proximal junction) as well as with a cluster of thymine residues within the (TG) 28 stretch (second B-Z junction). The supercoildependent propagation of the Z-structure along the remaining part of the sequence is evidenced by the migration of the second B-Z junction toward the 3′-end of the (TG) 28 motif where three consecutive thymine residues immediately outside the repeat become reactive (distal junction). Thus, the degree of negative superhelical stress experienced by the Z-DNA forming sequence can be graded by comparing the in situ OsO 4 reactivity patterns, within the range that precedes the full transition.
The (CG) 5 (TG) 28 repeat was inserted in the intergenic region between lacI Q and pTac of plasmids pRW2042 and pRW2042-Tet (see Materials and Methods). The resulting plasmids, pTG133 and pTG133-Tet (Fig. 1) were introduced into the wild-type (MA463) and the topA mutant strains (MA657 and MA697) and probed with OsO 4 under inducing and repressing conditions. Following plasmid DNA extraction and suitable Figure 2 . Effect of pTac-promoted transcription on plasmid DNA linking number. pRW2042 and pRW2042-Tet plasmid DNA was extracted from exponentially growing cells as previously described (3) . Exposure to IPTG (1 mM) was for 5 min. When needed, chloramphenicol (200 µg/ml) was added 5 min prior to IPTG treatment. DNA topoisomer profiles were analysed on a 1.2% agarose gel containing chloroquine at 13 µg/ml (A) and 22 µg/ml (B and C). At these chloroquine concentrations, plasmid DNA topoisomers with a lower linking number migrate faster in the gel. (A) pRW2042 DNA and pRW2042-Tet DNA extracted from strain MA657 (topA202 gyrB1820) prior (lanes 1 and 3) and after (lanes 2 and 4) exposure to IPTG; (B) pRW2042 DNA and pRW2042-Tet DNA extracted from strain MA697 (topA217 gyrB + ) prior (lanes 1 and 3) and after (lanes 2 and 4) exposure to IPTG; (C) pRW2042-Tet DNA extracted from chloramphenicol-treated MA697 (topA217 gyrB + ) cells prior (lane 1) and after (lane 2) exposure to IPTG. Highly negatively supercoiled DNA topoisomers migrate as an unresolved band (indicated by an arrow). restriction nuclease digestion, the 'TG' strand of the insert was 3′-end labelled and the OsO 4 modifications revealed by hot piperidine cleavage. The results of these experiments (Fig. 3) show that the cleavage patterns of pTG133 and pTG133-Tet inserts are virtually indistinguishable under all sets of conditions. In wild-type and in the topA gyrB double mutant, OsO 4 reactivity is only detected following pTac induction. In wild-type, the presence of reactivity within the (TG) 28 stretch as well as the incomplete reactivity of the distal junction (lanes 2 and 4), indicate that the transition does not span the full length of the repeat. Thus, superhelical tension is within the measurable range. The similarity of pTG133 and pTG133-Tet cleavage patterns allows one to conclude that the same torsional tension is generated during pTac-promoted transcription of cat and tet genes. On the basis of our earlier work in vitro (26), we estimate the value of superhelical density reached upon pTac induction to be between -0.06 and -0.07. In the topA gyrB double mutant, the absence of OsO 4 modifications within the (TG) 28 stretch while the distal junction is readily modified indicate that the whole (CG) 5 (TG) 28 repeat is converted to Z-DNA upon pTac induction (lanes 6 and 8). Therefore, superhelical tension increases above the range that can be monitored with the sensor sequence (|σ|w 0.08). Still, the intensities of the cleavage signals in lanes 6 and 8 (computed relatively to the uncleaved fragment; data not shown) indicate that the same fraction of plasmid molecules in pTG133 and pTG133-Tet are affected by the transcription-driven B to Z transition. This result is at odds with the observed effects of transcription on DNA linking number. Two-dimensional gel electrophoresis reveals that ∼40% of pTG133-Tet DNA becomes hyper-negatively supercoiled upon pTac induction (unresolved material indicated by arrow in Fig. 4B) . By counting bands, we can estimate that the unresolved topoisomers have a linking difference above -50 (|σ| > 0.085). In contrast, the fraction of plasmid molecules undergoing the same increase in pTG133 is <5%. Similar results were obtained with the couple of plasmids lacking the Z-DNA-forming insert (pRW2042 and pRW2042-Tet; data not shown).
In the absence of the soothing effects of a gyrase mutation, the increase in negative superhelical tension associated with the topA217 allele (in strain MA697) causes substantial Z-DNA formation prior to IPTG addition (lanes 9 and 11). The contribution of cat or tet transcription is still revealed by the shift in reactivity toward the distal junction (lanes 10 and 12) . Also, note that the transcription-induced increase of superhelical stress causes the proximal junction to move away from the repeat. The cytosine residue flanking the (CG) 5 motif is no longer reactive whereas the reactivity of the external thymine residue increases significantly (compare lanes 9 and 10 or 11 and 12). Again, the similarities of pTG133 and pTG133-Tet DNA cleavage patterns are at odds with the marked differences in their topoisomer profiles in chloroquine-agarose gels (Fig. 2) .
The contribution of translation to plasmid DNA linking number and Z-DNA formation
Hyper-negative supercoiling of plasmid DNA in topA mutants was shown to be completely dependent on the coupling of translation to transcription (3, (18) (19) (20) . This is also the case for pRW2042-Tet DNA whose profile in chloroquine-agarose gels no longer includes the fast migrating band when the tet is induced in the presence of chloramphenicol in the topA217 mutant (Fig.  2C ) or in the topA202 gyrB1820 double mutant (data not shown). We then examined the effect of inhibiting translation on transcription-driven Z-DNA formation in pTG133-Tet. The cleavage patterns in Figure 5 show that transcription-driven Z-DNA formation decreases slightly in the absence of protein synthesis in wild-type (lanes 1 and 2) and in topA202 gyrB1820 mutant cells (lanes 3 and 4) . This is indicated by the lower reactivity at the distal junction and the appearance of reactive thymines within the (TG) 28 stretch. A similar decrease in Z-DNA formation was observed in the cat-containing construct pTG133 from the same two strains (with tetracycline as translation inhibitor; data not shown). In contrast, no significant change occurs in the cleavage pattern of DNA from the topA217 mutant (lanes 5 and 6) confirming the elevated levels of negative superhelical tension in this strain.
Altogether, these results show that translation can contribute to superhelical tension during pTac-promoted transcription. However, this contribution is weak and apparently independent of membrane anchoring of the protein. Furthermore, the observed effects might be trivially ascribed to a decrease in overall transcriptional rates resulting from uncoupling transcription and translation (29) . By contrast, since translation and membrane anchoring are critically required to observe hyper-deficient DNA Figure 4 . Distribution of DNA topoisomers from plasmids pTG133 (pTac-cat) and pTG133-Tet (pTac-tet) before and after pTac induction. Plasmid DNA was extracted from exponentially growing cells of strain MA657 (topA202 gyrB1820) as previously described (3). Exposure to IPTG (1 mM) was for 5 min. Topoisomer profiles were analysed by two-dimensional gel electrophoresis as previously described (3), with a chloroquine concentration of 60 µg/ml in the first dimension and 600 µg/ml in the second dimension. The directions of electrophoresis are top to bottom for the first dimension and right to left for the second dimension. DNA in the gel was transferred onto a nylon membrane and hybridized against the corresponding 32 P-labelled plasmid DNA. The arrow indicates highly negatively supercoiled, unresolved topoisomers.
linking values in tet-expressing plasmids in topA mutants (3,18-20 and Fig. 2) , the above data confirm the lack of correlation between superhelical tension and DNA linking deficit during plasmid transcription in topA mutants.
Transcription-driven Z-DNA formation induces plasmid DNA linking changes in vivo
Due to the helical unwinding, the structural transition from the right-handed B to the left-handed Z helix relaxes negative supercoils in plasmid DNA. Previous studies have shown that in bacterial cells such relaxation effects elicit a corrective response by topoisomerase(s) resulting in the decrease of plasmid DNA linking number (30) (31) (32) . This provided an independent criterion to assess Z-DNA formation in our system. The data in Figure 6 show that whereas pRW2042 DNA average linking number does not change significantly upon pTac induction in wild-type cells (lanes 3 and 4), some topoisomers with a slightly increased linking deficit are detectable in pTG133 profile following the same treatment (lanes 1 and 2) . Since the only difference between the two plasmids is the presence of the Z-DNA forming insert, these results suggest that transcription-driven Z-DNA formation is responsible for the linking number change. Furthermore, finding a higher DNA linking deficit in pTG133 relative to pRW2042 even before pTac induction in topA217 mutant cells (Fig. 6, lanes 5-8) is consistent with the data showing that in the topA -background, the main of the purine-pyrimidine repeat is already in the Z-structure prior to IPTG treatment. (Fig. 3, lanes  9 and 11) .
DISCUSSION
In the present work, the chemical reactivity of a particular DNA sequence was used to probe the production of negative superhelical tension upstream from the Tac promoter in plasmids where pTac drives transcription of either the tet gene, coding for an integral membrane protein, or the cat gene whose product is cytosolic. We found no significant difference in the reactivity patterns of the two plasmids under all sets of conditions: the same level of torsional tension was detected during tet and cat transcription in wild-type cells; moreover, the fraction of plasmid molecules undergoing the transition was the same in wild-type cells as well as in topA mutants of S.typhimurium. In contrast, the linking number variations that accompanied pTac induction in topA -cells differed dramatically in the two constructs. Confirm- Figure 6 . Effect of transcriptionally-driven Z-DNA formation on plasmid DNA linking number. pTG133 and pRW2042 plasmid DNA was extracted from MA463 (wild-type S.typhimurium) and MA697 (topA217 gyrB + ) and analysed on a 1.2% agarose gel containing 22 µg/ml chloroquine as described (3) . At this chloroquine concentration, plasmid DNA topoisomers with a lower linking number migrate faster in the gel.
ing previous observations (16) (17) (18) (19) (20) , tet expression caused the linking deficit of a substantial fraction of plasmid DNA molecules (w40% in the topA202 gyrB1820 double mutant) to increase above measurable levels, whereas no such effects were observed during cat expression.
The similar reactivity patterns of tet-and cat-expressing plasmids would indicate that, at least in pTac-promoted transcription, membrane anchoring of the tet gene product does not contribute significantly to the generation of unconstrained negative supercoils. The same conclusion was previously reached by Dayn et al. (13) measuring pTac-driven cruciform extrusion in wild-type cells. On the other hand, in plasmids where the tet gene is expressed from its own promoter, Bowater et al. (14) found membrane anchoring to be essential for cruciform extrusion in topA -cells. These results were also correlated with the conditions needed for activation of the supercoiling-sensitive leu-500 and tyrT promoters (21) (22) (23) . Hence, as already pointed out by these authors (14) , membrane anchorage seems to play a less critical role in the production of superhelical tension when transcription is driven by a strong promoter such as the Tac promoter. In agreement with this interpretation, membrane anchoring was not required for leu-500 promoter activation in plasmids where the leu-500 sequence is positioned near the lac or Tac promoters (33; Spirito and Bossi, manuscript in preparation).
The absence of correlation between the excess linking deficit of the tet-expressing plasmid in topA mutants and the extent of Z-DNA formation detected upstream from the promoter could be explained if one considers that the two techniques do not necessarily reveal the same structural feature of the DNA inside the cell. The linking number method measures in vitro the overall topological state of the plasmid DNA and thus it does not discriminate between supercoils that are constrained and uncon-strained in vivo. In contrast, the in situ OsO 4 reactivity of the Z-probe provides an indication of the local superhelical stress that is actually experienced by the DNA sequence in vivo. In this regard, our previous contributions (10, 12, 26) have shown that although the OsO 4 treatment is lethal to the cells, the assay gives an accurate snapshot of the DNA structure while undergoing steady-state biological processes. This conclusion was also drawn by others who used OsO 4 to probe in situ cruciform extrusion (14 and references cited therein). Hence, our results suggest that the extra negative supercoils that result from the excess linking deficit of the tet-expressing plasmid in topA background are somehow constrained in vivo. How could this occur? Although the possibility of an excessive wrapping of the DNA by the histone-like proteins cannot be excluded, an alternative explanation is provided by the recent finding (24, 25 ) that hyper-negative plasmid DNA supercoiling can result from the formation of extended DNA-RNA hybrids (R-loops). The reason why R-loop formation should be favoured during transcription of membranebinding protein genes is still unclear (24, 25) . Perhaps membrane anchoring does provide the extra torsional strain needed to nucleate the R-loop structure. The nucleation of the R-loop, however, would absorb such energy (which could therefore go undetected) and subsequent extension of the hybrid would prevent any further increase of torsional tension.
Altogether, the results presented here tend to undermine the role of translation and membrane anchoring in twin-supercoiled domain partitioning. In turn, this suggests that no RNA-mediated constraints are required to hamper rotation of RNA polymerase around the DNA axis during transcription elongation. As a general implication, transcription might always entail DNA axis rotation and never the circling of polymerase around the template axis. This conclusion is consistent with the results of elegant electron microscopy studies showing that RNA polymerase maintains an apical position during transcription of supercoiled DNA and is thus prevented from rotating around the template (34).
